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Examiner: 
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Inventor: 
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Serial No: 


10/840,022 ) 
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INVENTOR 
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Commissioner for Patents 

U.S. Patent and Trademark Office 

PO Box 1450 / 
Alexandria, VA 22313-1450 

Dear Sir: 

David B. Naughton hereby declares: 

1 . That I am the sole inventor of the claimed subject matter of the above 
identified application. 

2. That or before December 3, 2001 1 submitted to my academic advisors 
at the time, Dr. David Nordstrom and Dr. Eric Lokensgard, the thesis proposal 
attached as Exhibit A, as evidenced by the date of Exhibit A. 

3. That I conceived the claimed subject matter claimed in the U.S. patent 
application entitled "METHOD OF MANUFACTURING A MOLDED ARTICLE" and 
having Serial No. 10/840,022 in the United States on or before December 3, 2001 , 
as evidenced by the thesis proposal attached as Exhibit A. 

4. That I worked diligently towards a reduction to practice of the claimed 
subject matter from December 3, 2001 until at least May 5, 2004, when the invention 



Serial No.: 10/840,022 
Attorney Docket No.: 12353-4 

was constructively reduced to practice by filing a patent application with the United 

States Patent and Trademark Office, as evidenced by: a draft of my thesis paper 

entitled "SURFACE MODIFICATION OF POLYOLEFIN PLASTICS FORMED BY 

INJECTION MOLDING" dated August 22, 2002, attached as Exhibit B; a 

presentation prepared by me in preparation for defense of my thesis in 

approximately March of 2003, as shown in the electronic mail communication 

attached as Exhibit C; a draft of the presentation prepared by me in preparation for 

defense of my thesis in approximately March of 2003, as shown in Exhibit D; a letter 

from me to Lawrence G. Almeda regarding the filing of a patent application, 

attached as Exhibit E and dated December 5, 2003; an electronic mail 

communication from me to Dr. Lokensgard regarding my request to create a 

prototype dated November 4, 2002 and attached as Exhibit F; and testing data from 

my laboratory notebook dated January 28, 2003 attached as Exhibit G. 

5. That I constructively reduced to practice the claimed subject matter on 
May 5, 2004 by filing the above identified application with the United States Patent 
and Trademark Office. 

6. That the earliest of the above dates predates the earliest possible 
priority date of U.S. Patent Application Number 10/887,693, which was filed on July 
9, 2004 by- Karen S. Rechenberg, which was published as Publication Number 
2004/0249075 on December 9, 2004, and which claims priority as a Divisional 
Application to U.S. Patent Application Number 10/357,817 filed on February 4, 
2003, which is a continuation-in-part of U.S. Patent Application Number 10/077,645 
filed on February 15, 2002. 
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7. That the earliest of the above dates also predates the earliest possible 
priority date of U.S. Patent Application Number 10/058,257, which was filed on 
January 29, 2002 by Karen S. Rechenberg, which was published as Publication 
Number 2003/0141620 on July 31, 2003. 

8. That all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false 
statement may jeopardize the validity of the above-identified application, and any 
patent issuing thereon or any patent to which this declaration is directed. 

Date: 

David B. Naughton 
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CADILLAC PRODUCTS AUTOMOTIVE COMPANY 



To: Dr: David Nordstrom and Dr. Eric 1 .okensgard 
From: David Naif gh ton 
-Date: 12/03/01 

Subject: discussion of available resou rces and timing for my thesis proposal 
; ^rpose: to outline needed resources and determine availability and timing for my thesis 

r^^rppo 



Present at the meeting were Dr. David Nordstrom, Dr. Eric Lokcnsgard and myself. The 
niain topics of the meeting were as follows: 

. 1. Questions related to the written proposal 

2/ Availability of injection molding equipment ; ... 

3. Forms of priming material available - to include but not limited to chlorinated 
polyolefins 

• Large particle solid (Eastman CPO) 

• In solution - 25 % in xylene 

• Water base 

. Powder form - must be done by a toll manufacturer by conventional or 

crvogenic grinding 
Action required - Dr. Nordstrom to get Eastman contact and e-mail me 

" / 4; Discussion of standardized methods (e g ASTM) Used with the EMIJ injection 
molding machine • 
Action required - Dr. 1 ,okensgard to run molding machine under controlled conditions 

when samples arrive 

5 Polyolefin plastics t 0 be used for evaluation to include, but not limited to 
'.. polypropylene (Zicgler-Natta. Metallocenes), polyethylene, ethylene/propylene and 
variations and blends of these plastics _ 
Action required - none, a supply of polyolcfin-based plastic is in the lab as per Dr. 

L the discussion centered on running a quick test of the proposed bonding ^proeess with^readily 
available materials. I am to order a 25 % solution of CPO from Eastman Chemical that 1 Will 



spray in tcr a mold of Dr, Lokensgard's choke for drying and injection molding. The results of 
this test will indicate a direction for future testing. After this testing is complete and shows 
promise, my interest is in going to a powder form that can be applied in a conventional powder 
coating process. The source of this powder form will be from conventional or cryogenic 
• grinding and classification. Another method to consider (for academic interest) is super critical 
carbon dioxide. 

©ther topics discussed were an explanation of plastic melt flow behavior by Dr. Lokeusgard 
• regarding injected plastic contacting a "cold" mold surface and paint adhesion testing of the 
molded plastic. 
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Abstract 



Polyolefm plastic (i.e. polypropylene, polyethylene and blends) articles formed by 
injection molding have been found to have many useful applications. From 
automotive components to household goods, these plastics are preferred for use 
when properties of low density, ease of molding, low cost, continued high 
temperature (104 C) use, chemical resistance and fatigue resistance are needed. 
Ease of recycling is another of the many reasons these plastics are chosen. The main 
deficiency of these plastics, beside limited weathering resistance, is the low surface 
free energy of the molded surface. Many costly and/or hazardous methods are 
employed to increase the surface energy to a level that promotes the ability of a 
coating or adhesive to make intimate contact and thereby bond to the molded 
surface. The proposed method eliminates the need for a carrier medium for the 
primer and expensive and hazardous surface treatment equipment by modifying the 
plastic surface during the injection molding process. 

This paper is the culmination of approximately three years of work and has 
included research in plastics, injection molding, powder coating and various 
instrumentation (e.g. MDSC, SEM, EDS and optical microscopy), physical testing 
equipment, standardized test methods for plastics and secondary sources covering 
current research in these areas. 
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Chapter 1 



Introduction and background 

Prior to 1954, propylene polymer - a branched, low molecular weight oil- had a very 
limited number of uses. After Karl Ziegler and Giulio Natta discovered the use of 
catalysts to control the manufacture of stereo regular polypropylene, the number of uses 
for these versatile polymers has increased to the point where global polypropylene 
production capacity alone was over fgg^l^^^SS^S^SK^ggg (WBSS) . This rapid 
growth was fueled by the creation of generation after generation of new catalysts. Each 
new catalyst type has helped broaden the number of uses and improved the 
manufacturing of polypropylene and polyolefin plastic. The most recent catalyst - 
metallbcene - not only controls the physical shape of the polymer but it also offers 
control of the MW and monomer distribution (tacticity) in the production of this polymer. 
As the understanding of this polymer and the ability to design new variations increases, 
the market demand for polypropylene continues to grow. 

The many advantages of polyolefin plastics, (e.g. they are derived from a relatively 
inexpensive feedstock, a good balance of physical and mechanical properties and can be 



easily recycled) all point to continued growth for this type of plastic. With the advent of 
new catalysts, control and variation of bulk material properties can be achieved through 
synthesis. Unfortunately, printability and improved adhesion are only possible by post- 
polymerization surface modification. This characteristic has significantly limited 
polypropylene and polyolefin plastic end use applications. Surface modification and the 
resulting high surface free energy, for the bonding of coatings and adhesives, are the 
focus of this study. 



Objective of this study 

In many injection molding applications, polyolefins (i.e. polyethylene, polypropylene and 
blends) have been preferred for use when the properties of low density, ease of molding, 
low cost, continued high temperature use (104 C), chemical and fatigue resistance are 
needed. The main drawback of this type of plastic, beside limited weathering resistance, 
is the low surface energy (30 dynes/cm) of a molded part. Various methods are employed 
to increase the surface energy to a level that enables a coating or adhesive to make 
intimate contact and thereby bond to the surface of the molded article. Methods in use 
include flame treatment, corona discharge, plasma treatment, chemical solution etching 
and priming the surface with a halogenated rubber or polyolefin. The priming operation is 
done either at room temperature or at elevated bake conditions. In an effort to "wet out" 
the low energy surface, solvents (at -29 dynes/cm) are preferred to water (at ~ 72.75 
dynes/cm) as a carrier medium for the primer, even though water based systems are used 
in bake applications. So, the conditions under which a halogenated rubber or polyolefin 
are used are either when dissolved in a low surface tension solvent and air dried or when 
high heat bake conditions are used to facilitate surface contact ( after the water has been 
removed), 



I have worked with many of the surface modification techniques described with varying 
levels of success. Flame treatment has the obvious hazards and over treatment results in a 
degraded surface layer. The other treatments listed are limited to only flat surfaces, or are 
impractical because of high cost. Solvent based solutions of halogenated polymer are 
flammable and have a high V.O.C. that restricts their use in most manufacturing plants. 
My proposal addresses some of the mentioned drawbacks of the above techniques. I 
propose applying the adhesion promoter (in powder form) in mold when the injection 
molded part is first made. This eliminates the need for a carrier medium for the polymer 
and expensive and/or hazardous treatment equipment. The proposed method takes 
advantage of the heat already supplied by the injection molding process, to attain intimate 
contact with the cosmetic surface of the plastic molded part, 

In order to get the adhesion promoter on the surface of the part, the cosmetic half of the 
metal mold is utilized. This is done by the electrostatic charging of the classified 
adhesion promoter (that has polar functional groups on an olefin backbone) in powder 
form and applying, using standard electrostatic powder coating methods to a grounded 
mold surface. The electrostatic charge on the powder holds the primer in place (as in a 
powder coating application) against the grounded mold surface. As the mold is packed 
and held, the polyolefin portion of the adhesion promoter is free in the melt to associate 
with and become anchored into the polyolefin plastic injected into the mold, resulting in a 
part with primer melt applied to the surface of the molded plastic. The two steps of 
molding the plastic part and priming the surface are combined into one step by this 



method. The resulting primed polyolefm plastic surface will be characterized by the high 
surface energy of the applied primer, allowing for bonding of adhesives or coatings. Each 
primer type and each grade of plastic has unique processing requirements related to the 
thermal profile and composition of each material. 
Chapter 2 

Materials - polyolefm primers 

Polyolefm primers come in different composition, Tg, Tm and form i.e. solid, a solution 
in a high KB solvent or blend and as a particle in a water based dispersion. Many of the 
solutions are provided at high solids to be later diluted by the customer for use. The 
choice of primer was based on the thermal profile of the samples, form the sample was 
available in and known positive effect it had on adhesion. Samples in this study will be 
identified by A, B,C and D. 





Softening pt. 


Chlorine 
wt% 


Acid 
Number 


Form 
supplied 


functionality 


Sample A 


80-95 


18-23 


15 


powder 


Chlorinated, 
acid 


Sample B 




26-32 




25% in 
xylene 


Chlorinated, 
acid 


Sample C 


50 


23-25 




Powder 


Chlorinated, 
acid 


Sample D 




0 


45-55 


25% in 
xylene 


Maleic acid 



Chapter 2 



Materials - plastics 

Current production grades of polyolefin plastics can best be described as copolymers and 
or blends of polyolefin polymers of either broad or narrow molecular weight distribution 
with additives. The additives can range from fillers, antistatic aids, nucleating agents, to 
internal mold release. Due to advances in catalysts used (metallocene), tacticity (and 
thereby relative % crystallinity) and molecular weight distribution i.e. more narrow 
distribution, are now controlled by the plastic manufacturer who can tailor properties 
such as stiffness, impact resistance, clarity and barrier properties into distinct product 
lines. 

My goal in choosing plastic for this study was to find well defined plastic grades that did . 
not have additives in its' composition. I also wanted high and low melt flow rate grades 
in order to observe the influence flow had on heat transfer. Finally 



Chapter 2 



Methods - injection molding 



Chapter 2 



Methods - extrusion mixing 



Chapter 2 

Methods - primer application 

Steps were devised to test the feasibility of this surface modification method. The first 
step was spraying the primer solution into the metal mold and drying. This was a less 
likely approach, which had little chance of transfer to the plastic surface. Poor transfer 
resulted. This was followed by spraying the same primer solution onto a thin Teflon sheet 
that was dried and placed in mold and the plastic injected into the mold. Transfer of the 
primer film to the plastic surface was the result of this method. Next, primer in powder 
form was tried. Initial evaluation was done by first spraying a 33 % solution of 
polybutene into the mold and drying. This gave a tacky surface that could accept and hold 
the powder onto the mold surface. The hot plastic enters the mold melting the primer and 
anchoring it to the parts surface. Surface analysis revealed varying degrees of melt at the 



surface of the primed part due to the wide particle size distribution of the solid primer. 
Particles ranged in size from less than 100 nanometers to over 300 nanometers. This very 
broad particle size distribution has a high population in the range of -250-300 micron. 
Due to the finite amount of heat supplied by the hot plastic when it is injecjted into the 
mold, I have observed the large particles do not melt completely (SEM). see image By 
the definition of Tm, the area under the Tm curve by DSC : 

Tm « heat x temperature 
time x mass 

From this relationship the amount of material in the mold and the size of the particle is 
critical to obtaining a good melted surface layer. This situation called for either 
separating out the large particles or grinding the large particles to within the acceptable 
range for melting to the plastic surface. 

Electrostatic application of the primer in powder form was the goal of this work. Details 
related to the grounding of the mold, masking of the surface, and application of the 
powder within the confines of the open mold had to be worked out; The filial barrier to 
evaluating this method was classification of the broad particle size primer powder into a 
particle size that could be held to the vertical surface of the mold. 
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Beaupre, Jon 



From: 

Sent: 

To: 

Subject: 
Attachments: 



David B Naughton [dnaughton@emich.edu] 
Monday, March 10, 2003 8:40 AM 
Jamil Baghdachi 
Fwd: Naughton Thesis Defense 
Naughton Thesis Defense. GWI 



Dr. Baghdachi, 

Dr. Nordstrom, has indicated I should line up resources to give a 30 minute presentation and 
thesis defense. I would like to know what I must do to arrange for a room, powerpoint or 
overhead projector. The date for the defense would be after March 18th. 

Thank you, 
David Naughton 
dnaughton0emich.edu 
DNaughtonfSlcadprod . com 
248-813-8206 
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Exhibit E 



Friday, Dec. 5, 2003 
David B. Naughton 



To: 

Lawrence G. Almeda 

BRINKS HOFER GILSON & LIONE 

524 S. Main Street, Suite 200 

Ann Arbor, MI 48104 

phone: 734-302-6019 

fax:734-994-6331 



Solution/invention: 



The surface modification methods listed are all secondary operations which normally 
require large amounts of space for accumulating inventory from the injection molding 
machine. In some cases a cleaning stations is also needed prior to the treatment station, 
requiring more plant space. 

If evaporation or drying is needed permits must be obtained for the removal of V.O.C; 
The method described in this invention eliminates the need for any secondary operation. 
Also, no additional heat, ovens or expensive treatment equipment is needed. The source 
of the heat is as a result of the injection molding process. The heat supplied melts the 
primer in powder form and penetrates (diffusion) into the plastic surface as the plastic 
part is formed. 

The invention consists of a method of altering the surface character of an injection 
molded polyolefin plastic article from a non-polar, low surface energy surface to a 
surface rich (SEM/EDS) in polar halogen functionality. The purpose of this modification 
is to improve adhesion of various coatings and or adhesives. 

Description of the invention: 

1 . The "cosmetic" side of the mold is grounded (either side or both sides can also be 
used). 

2. A suitable primer, in solid form is classified to within 0-250 micron. * ■ 

3. The classified primer is loaded into the hopper of a standard powder coating 
application equipment and electro-statically charged. 
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4. The primer, in classified powder form is electro-statically applied to the mold 
surface (an X, Y, and Z robotic arm may be used to automatically spray the 
powder). 

5. The mold is closed and the injection molding cycle begins. . . 

6. Cooling occurs at the end of the cycle and the modified part is ejected from the 
mold. 

7. A new cycle begins. 

* To include but not limited to the CP-343 series of chlorinated/acid functional polyolefin 
primers from Eastman Chemical Company 
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Exhibit F 



Beaupre, Jon 



David Brian Naughton [dnaughton@emich.edu] 

Tuesday, July 22, 2008 8:30 PM 

Beaupre, Jon 

Re: injection molding 



Hello DAve. I ca^t make parts today at 2:08. I can be available at 3:30 or earlier. If 
you can be all set-up by then, that will work OK. I may be able to get here sooner, but I' 
not sure. I will leave the lab door unlocked, so you can get it. Thanks 



Original Message - 

From: "David B Naughton" <dnaughton@emich.edu> 
Subject: injection molding 
Date: 11/04/02 16:58 

Dr. Lokensgard, 

I would like to make parts with the 4 MFR reactor flake Tuesday at 2:00 11/5/02. 
Thank you, 
Dave Naughton 



Dave Naughton 



From: 

Sent: 

To: 

Subject: 
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